Interfacial catalysis by phospholipase A2: monomeric enzyme is fully catalytically active at the bilayer interface.
Interfacial catalysis in the scooting mode by phospholipase A2 (PLA2) from pancreas and venoms (18 different preparations) was examined on vesicles of 1,2-dimyristoyl-sn-glycero-3-phosphomethanol under the conditions where the rates of transbilayer and intervesicle exchanges of the enzyme, substrate, and the products of hydrolysis were negligible on the time scale (less than 30 min) on which all the substrate molecules on the outer monolayer of the target vesicles were hydrolyzed. The reaction progress curves for all PLA2s exhibited no latency period (less than 3 s). When the vesicle to PLA2 ratio in the reaction mixture was high so that according to the Poissonian distribution model at most one enzyme was bound to a vesicle, the extent of hydrolysis increased linearly with the amount of enzyme in the reaction mixture. However, the extent of hydrolysis per enzyme, NS, remained the same for all PLA2s, and it corresponded to the size of the target vesicles determined by independent methods. Similarly, the initial rate of hydrolysis increased linearly with the enzyme concentration, and the slope of the log-log plot was one under the conditions of one or more enzyme per vesicle. Such observations showed that monomeric PLA2 is fully catalytically active at the interface. This conclusion was supported by the absence of intermolecular resonance energy transfer from tryptophan-3 donor in the native PLA2 to the anthraniloyl acceptor in An87-PLA2, the catalytically active derivative of PLA2 with an anthraniloyl fluorophore on lysine 87. In this system, intermolecular resonance energy transfer was seen only when the donor-acceptor molecules were "crowded" at a high surface density with a relatively low lipid to protein mole ratio. On the basis of these results, it was concluded that secretory PLA2s from venoms and pancreas are fully catalytically active as monomers. Additional studies reported here showed that acylation of PLA2 was not necessary for catalysis or binding to the interface and that the binding of the substrate to the active site of PLA2 was not necessary for the binding of the enzyme to the interface.